We described the development and characterization of 16 microsatellite loci for the white-banded tanager (Neothraupis fasciata), a Neotropical passerine from Cerrado (Brazilian savanna). Based on 24 N. fasciata from a single population, we detected moderate to high number of alleles per locus (2-18 alelles) with expected heterozygosities ranging from 0.12 to 0.92. The high combined paternity exclusion probability (0.999) and low combined genetic identity (1.72 Â 10 À10 ) show that the battery of loci is suitable for parentage and population analyses. Some of these markers also showed amplification in 8 species from 4 Neotropical passerine families, indicating the potential of these markers to address similar questions in these species.
Identification of the genetic structure of populations is important to test hypotheses about diversification and speciation (McDonald 2003) and to find appropriate strategies for conservation and management of biodiversity (Cegelski et al. 2003) . However, studies addressing the genetic structure of Neotropical birds are limited (Bates 2000; Höglund and Shorey 2003; McDonald 2003; Francisco et al. 2009) , and little is known about the effects of habitat fragmentation on genetic variability in Neotropical bird population.
Microsatellite markers have been widely used as markers in population genetics and conservation assessment studies (e.g., Gibbs et al. 2000; Francisco et al. 2007; Barrientos et al. 2009) . Furthermore, the use of these markers to study avian mating systems has been helpful to better understand inter-and intraspecific variation in reproductive strategies such as extrapair paternity and intraspecific brood parasitism (reviewed in Griffith et al. 2002; Sorenson and Payne 2002) . However, despite the exceptionally high passerine diversity of Neotropical region (Stotz et al. 1996; Collar et al. 1997) , only a few number of microsatellite loci are available for this bird group (e.g., Jeffery et al. 2001; Francisco et al. 2004; Wonke et al. 2007; Barnett et al. 2008; Hill et al. 2008) .
The white-banded tanager (Neothraupis fasciata, Emberizidae) is a Neotropical passerine (Sick 1997) widely distributed in the Cerrado Biome of Central Brazil, eastern Bolivia, and northeastern Paraguay (Ridgely and Tudor 1989) . This species is generally scarce within its range and is likely to be declining due to habitat loss and disturbance after agricultural expansion in Central-Western Brazil (Birdlife International 2008) . Furthermore, this species shows cooperative reproduction behavior (Brown 1987) , which is observed only in 8% of all bird species (Cockburn 2006) . Thus, this species is a good biological model to study both the effects of habitat fragmentation on the genetic diversity of birds and reproductive behavior.
Here, we described the development and characterization of 16 microsatellite loci for N. fasciata, for the study of population genetics, relatedness, and breeding behavior. We also studied the cross-species amplification of the developed primers in 8 Neotropical passerines of 4 families.
Materials and Methods
For microsatellite discovery and primer design, we constructed a genomic shotgun library for sequencing. Genomic T a , annealing temperature; A, number of alleles; H E , expected heterozygosity; H O , observed heterozygosity; Q, paternity exclusion probability; I, probability of genetic identity. a Loci with Hardy-Weinberg disequilibrium.
DNA from one female of N. fasciata was sheared using a nebulizer chamber and nitrogen at 30 psi to obtain fragments from 200 bp to 1.0 kb. Fragments were recovered for blunt-end repair and dephosphorylation and cloned into pCR 4Blunt-TOPO vector using the TOPO Shotgun Subcloning kit (Invitrogen, MA). Cloned fragments were transformed by electroporation into competent TOP10 Escherichia coli, using One Shot TOP10 Eletrocomp Kit (Invitrogen). Transformants of TOP10 were lysed in distillated water at 95°C for 5 min. The inserts were amplified by polymerase chain reaction (PCR) using T3 and T7 primers and sequenced on a MegaBACE 1000 (GE Healthcare) automated DNA sequencer using the DYEnamic ET terminator kit (GE Healthcare).
Sequences were analyzed using the Staden 1.6 package (Staden 1996) and inserts containing microsatellite loci were identified with the TROLL module (Martins et al. 2006 ) for Staden. PCR primers were designed using the web service primer designer http://wsmartins.net/primerdesign/. For each primer pair, forward primer was designed adding a M13 tail (5#-TGT AAA ACG ACG GCC AGT-3#) to its 5# end (Schuelke 2000) to apply the universal dye-labeling method (Boutin-Ganache et al. 2001 ).
Polymorphism at these loci was assessed for 24 N. fasciata from a single population sampled at the Estac xão Ecológica de Á guas Emendadas (15°34#S, 47°42#W), Central Brazil. Total genomic DNA was extracted from blood incubated overnight at 37°C in a solution containing 0.1% sodium dodecyl sulfate, 100 mM Tris-HCl (pH 8.0), 10 mM NaCl, 10 mM ethylene diamine tetracetic acid, and 10 mg/ml proteinase K and subsequently purified using the standard phenol-chloroformisoamyl alcohol method (Bruford et al. 1992) . PCR was carried out in a total reaction volume of 10 ll containing 20-50 ng of template DNA, 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl 2 , 200 lM of each dNTP, 0.5 lM of M13 fluorescent tag (either FAM, HEX or NED, Applied Biosystems, CA) primer, 0.5 lM of M13 tailed forward primer, 1.0 lM reverse primer, and 0.5 unit of Taq polymerase (Phoneutria, BR). Amplifications were performed using a PE 9700 thermal cycler (Applied Biosystems) with the following conditions: 95°C for 7 min; followed by 35 cycles of 95°C for 1 min, 52 to 54°C (see Table 1 for details) for 40 s, 72°C for 40 s; and a final cycle of 72°C for 10 min. Amplifications with primers NF0304 and NF2526 were performed using touchdown method as described by Russello et al. (2001) . Amplified products were electrophoresed in 5% denaturing polyacrylamide gels in an ABI 377 DNA sequencer and automatically sized using the softwares GeneScan and Genotyper 2.1 (Applied Biosystems).
The number of alleles per locus, the observed and expected heterozygosities (Nei 1978) , the paternity exclusion (Weir 1996) , and the genetic identity probabilities (Paetkau et al. 1995) were estimated using Identity 1.0 (Wagner and Sefc 1999) . Deviation from Hardy-Weinberg expectations and linkage equilibrium were analyzed using Genepop 4.0 (Raymond and Rousset 1996) . Genotyping errors due to null alleles, stutter bands, or allele dropout were analyzed using the software Micro-checker 2.2.3 (van Oosterhout et al. 2004) . Table 2 Cross-species amplification for the 16 microsatellite loci developed for Neothraupis fasciata in 8 Neotropical passerines, showing the fragment size (base pairs) and the annealing temperature in Celsius degree (in parentheses) Species (family) NF0102 NF0304 NF0506 NF0708 NF0910 NF1112 NF1314 NF1516 NF1718 NF1920 NF2324 NF2526 NF2728 NF3132 N A (%)
Oscines
Sicalis flaveola (Emberizidae) 200 (53) 280 (53) (53) 260 (53) 170 (53) 200 (53) To evaluate cross-species amplification, we tested the 16 primer pairs described here in 8 Neotropical passerines of 4 families: Sicalis flaveola, Ammodramus humeralis (Emberizidae), Thraupis sayaca, Gypsnagra hirundinacae, Paroaria capitata, Ramphocelus carbo (Thraupidae), Casiormis rufus (Tyrannidae), and Xiphorhynchus picus (Dendrocolaptidae). One individual of each species was analyzed. Three annealing temperatures (50, 53, and 56°C) were used with the same PCR conditions described above. Amplification products were visualized in 1.5% agarose gels, and fragments were sized by comparison with a 1 kb Plus DNA ladder (Invitrogen). Primer pairs that amplified fragments with similar sizes than those observed in N. fasciata were considered as successful cross-species amplification.
Results and Discussion
We sequenced 278 inserts from the N. fasciata genomic library and in 51 (18%) we found different microsatellite motifs consisting of at least 4 repeats each. From these, we choose 16 perfect microsatellite loci: 7 di-, 5 tri-, 2 tetra-, and 2 pentanucleotides, to design the primer pairs (Table 1) . Fourteen of these loci showed moderate to high levels of polymorphism and 2 loci (NF2324 and NF3132) were monomorphic ( Table 1) . Number of alleles per locus ranged from 2 to 17 alleles with expected heterozygosities ranged from 0.117 to 0.915, whereas the combined paternity exclusion and the combined genetic identity probabilities were 0.999 and 1.72 Â 10 À10 , respectively (Table 1 ). All pairs of loci were in linkage equilibrium (P . 0.0005, adjusted nominal 5% level with Bonferroni correction), but loci NF0506 and NF1314 showed significant heterozygote deficiency (P , 0.0036, adjusted nominal 5% level with Bonferroni correction). The analyses using Micro-Checker software showed evidences of null alleles at both loci, with estimated null allele frequencies of 0.3832 and 0.3631, respectively.
Four primer pairs (25%) amplified similar size fragments for all passerines (Table 2) . No amplification was detected for primers NF2122 and NF2930 in any of the passerines tested. The species of the families Emberizidae and Thraupidae presented more successful cross-species amplification (from 7 to 11 loci) than species of the families Tyrannidae and Dendrocolaptidae (5 loci, Table 2 ). These results were expected because of the taxonomical relationships of the families. Thraupidae is closely related to Emberizidae and both families belong to same group (oscines), whereas the other 2 families, Tyrannidae and Dendrocolaptidae are from suboscines (Spicer and Dunipace 2004) .
The low combined probability of genetic identity and the high power of paternity exclusion indicate that the battery of microsatellite developed for N. fasciata will allow detailed studies of parentage and population differentiation in this species, topics that have rarely been addressed in Neotropical birds using high-resolution microsatellite markers (e.g., Bates 2002; Hoglund and Shorey 2003) .
Furthermore, some of these microsatellite loci might be worthwhile for similar studies in other passerines, mainly for Emberizidae and Thraupidae species.
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